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ENGINE MISFIRE DETERMINATION closed in PTL 1 to various types of engines , it was found that 
DEVICE AND VEHICLE a misfire in an equal interval combustion engine can be 

detected with a high accuracy but a misfire determination 
TECHNICAL FIELD accuracy in an unequal interval combustion engine is some 

5 times low . 
The present teaching relates to an engine misfire deter The present inventors , therefore , conducted studies on a 

mination device , and to a vehicle including the misfire misfire determination in an unequal interval combustion 
determination device . engine . 

In an unequal interval combustion engine , the interval of 
BACKGROUND ART crank angles where combustion occurs varies from cylinder 

to cylinder . To determine a misfire in the unequal interval 
Patent Literature 1 ( PTL 1 ) shows a misfire detection combustion engine , it is conceivable that a detection posi device that detects a misfire occurring in an engine . The tion ( angle ) for detecting an average rotation speed is 

misfire detection device shown in PTL 1 detects a misfire by adjusted in accordance with a crank angle where combustion using an output of a rotation angle sensor that is configured occurs in each cylinder . to output a signal per each crank angle . 
The misfire detection device as shown in PTL 1 is In the unequal interval combustion engine , however , there 

is a difference between , for example , a rotation speed for one required to have less deterioration in detection accuracy . 
The misfire detection device shown in PTL 1 obtains an cylinder and a rotation speed for another cylinder whose 

average rotation speed 0 ,, in a combustion stroke of a first 20 combustion stroke is continuous from a combustion stroke 
cylinder based on an output of the rotation angle sensor . of the one cylinder . That is , a deviation between the two 
Then , the misfire detection device obtains an average rota rotation speeds is not zero even in a normal state having no 
tion speed Wn - 1 for a cylinder whose combustion stroke is misfire . In addition , a magnitude relationship of the devia 
continuous from the combustion stroke of the aforemen tion between the two rotation speeds changes depending on 
tioned cylinder , and obtains a deviation wm - 1-0 ,, between the 25 detection positions . Thus , the value of a difference , i.e. , a 
two average rotation speeds . The misfire detection device second - order difference , between a deviation obtained at a 
also obtains an average rotation speed Wn - 3 for a cylinder at certain time point and a deviation obtained at a position 360 
a rotation angle 360 crank angle degrees before the com crank angle degrees before is not zero even in the normal 
bustion stroke of the first cylinder . Then , the misfire detec state . Moreover , a plus / minus characteristic of the second 
tion device obtains an average rotation speed 0,4 for a 30 order difference value changes depending on detection posi 
cylinder whose combustion stroke is continuous therefrom , tions . The second - order difference value varies in a wide 
and obtains a deviation Wn - 4-6n - 3 between the two average range from a value smaller than zero to a value greater than 
rotation speeds . Then , the misfire detection device obtains a zero as time elapses . This is why simply adjusting a detec 
difference between the two deviations , to set an average tion position for detecting a rotation speed such that an 
rotational frequency fluctuation amount Awn . The misfire 35 unequal interval combustion engine can be dealt with by the 
detection device determines a misfire by comparing the method of PTL 1 , for example , cannot provide a misfire 
average rotational frequency fluctuation amount Awn , which detection with a high accuracy . 
is a difference ( second - order difference ) obtained by two As shown in PTL 1 , obtaining a second - order difference 
stages in the above - described manner , against a determina value between one deviation and another deviation at a 
tion value . By the determination using the second - order 40 position 360 crank angle degrees before contributes to 
difference , a deterioration in misfire detection accuracy due reducing an influence of acceleration and deceleration 
to an influence of acceleration and deceleration according to according to , for example , an accelerator operation and a 
an accelerator operation , for example , can be suppressed . vehicle traveling situation in an equal interval combustion 

engine . As mentioned above , however , the second - order 
CITATION LIST 45 difference value in a position range of 360 crank angle 

degrees before and after changes as time elapses , even 
Patent Literature though there is no influence of acceleration and deceleration 

when the unequal interval combustion engine is in the 
PTL 1 : Japanese Patent Application Laid - Open No. normal state . It therefore is difficult to determine a misfire in 

H4-365958 ( 1992 ) 50 the unequal interval combustion engine with a high accuracy 
by using the second - order difference . 

SUMMARY OF INVENTION The present inventors again conducted fundamental stud 
ies on a fluctuation in an engine rotation speed . 

Technical Problem The engine rotation speed contains a fluctuation attribut 
55 able to engine combustion and a fluctuation attributable to 

Studies on a process of the misfire detection device as factors other than combustion . 
described in PTL 1 under various conditions revealed that a The rotation speed fluctuation attributable to engine com 
determination for detecting a misfire is sometimes difficult bustion includes an increase at a time of combustion and a 
depending on types of engines . decrease after combustion . Due to the increase and decrease , 
An object of the present teaching is to provide an engine 60 peaks of the rotation speed arise . For example , in a case of 

misfire determination device and a vehicle that are appli a single - cylinder engine , a peak comes every 720 crank 
cable to a misfire determination in various types of engines . angle degrees , and thus the crank angle between successive 

peaks is substantially constant . For example , in a case of an 
Solution to Problem engine including a plurality of cylinders in which combus 

65 tion occurs at equal intervals , the combustion in each of the 
As a result of the present inventors ' attempt to apply a cylinders repeatedly occurs at equal intervals , and therefore 

misfire determination by the misfire detection device dis the crank angle between peaks is substantially constant . 



remove 

US 10,788,397 B2 
3 4 

Examples of the fluctuation attributable to factors other manifested and the rotation speed at the second angle 
than repeated combustion include a fluctuation according to position in which the fluctuation component attributable to 
a fluctuation in intake air amount which is caused by a unequal interval combustion is manifested contributes to 
driver's operating an accelerator as described above . The suppression with a high accuracy of an influence of a 
fluctuation in the rotation speed attributable to factors other 5 fluctuation attributable to unequal interval combustion for 
than combustion also includes a fluctuation attributable to a each cylinder . Accordingly , the first - order difference enables 
load applied from a wheel and a chain to the engine , for a misfire in the unequal interval combustion engine to be 
example . determined with a high accuracy . 

To determine a misfire with a high accuracy , it is con The present inventors further conducted studies on a 
ceivable to perform the determination by using a fluctuation 10 misfire determination in an equal interval combustion 
from which the fluctuation attributable to factors other than engine . As a result , it was found that a misfire determination 
combustion has been excluded . with use of a first - order rotation speed difference obtained by 

In a case where the engine is an unequal interval com removing a rotation speed in a section of 720xm crank angle 
bustion engine , however , the interval between a crank angle degrees is applicable to an equal interval combustion engine , 
where one cylinder causes combustion and a crank angle 15 too . 
where another cylinder next to the one cylinder causes The determination using the first - order difference value is 
combustion varies depending on cylinders . A rotation speed more responsive to acceleration and deceleration according 
at a time of combustion in one cylinder is influenced by to an accelerator operation and a vehicle traveling situation 
energy generated by combustion in another cylinder previ than a determination using a value ( of a second - order 
ous to the combustion in the one cylinder , the energy 20 difference , for example ) that is based on a rotation speed in 
decreasing over time . The rotation speed at a time of a wide range . Thus , an erroneous determination is less likely 
combustion , therefore , varies from cylinder to cylinder , for to occur even when acceleration and deceleration according 
example . It is difficult to exclude a fluctuation attributable to to an accelerator operation and a vehicle traveling situation 
factors other than combustion from the rotation speed which are suddenly performed . misfire can therefore be deter 
fluctuates with both the crank angle between peaks and the 25 mined with a high accuracy . Moreover , the determination 
peak value varying from cylinder to cylinder , for determin using the first - order difference value enables continuous 
ing a misfire with a high accuracy . It is also difficult to misfires in a specific cylinder to be determined with a high 

peak value fluctuation attributable to unequal accuracy , too . 
interval combustion from the rotation speed containing the The present teaching was made based on the above 
fluctuation attributable to factors other than repeated com- 30 findings . An engine misfire determination device according 
bustion . to the present teaching is applicable to a misfire determina 

The present inventors conducted studies about acquiring , tion in various types of engines . 
for each crank angle position , a rotation speed in a section An engine misfire determination device according to each 
of 720xm crank angle degrees including this crank angle aspect of the present teaching accomplished based on the 
position . Here , m is a natural number . Not only a fluctuation 35 above findings has the following configurations . 
attributable to unequal interval combustion but also a fluc ( 1 ) In an aspect of the present teaching , an engine misfire 
tuation attributable to combustion that is used for a misfire determination device that determines a misfire in an engine 
determination has been removed from the rotation speed in including a plurality of cylinders and a crankshaft based on 
a section of 720xm crank angle degrees . a crank angle signal indicating a rotation angle of the 

The present inventors discovered that removing the rota- 40 crankshaft includes : 
tion speed in a section of 720xm crank angle degrees from a combustion fluctuation canceled value acquisition unit 
a rotation speed obtained at each corresponding crank angle that acquires a first combustion fluctuation canceled value 
position enables a fluctuation component attributable to and a second combustion fluctuation canceled value for 
unequal interval combustion to be manifested with a high every 720 crank angle degrees based on the crank angle 
accuracy . 45 signal while the engine is in operation , the first combustion 

Specifically , a rotation speed in a section of 720xm crank fluctuation canceled value being a value in which a fluctua 
angle degrees including a certain crank angle position ( first tion component attributable to combustion is canceled , the 
angle position ) is removed from a rotation speed obtained at first combustion fluctuation canceled value being a rotation 
this first angle position . In the same manner , a rotation speed speed in a section of 720xm crank angle degrees including 
in a section of 720xm crank angle degrees including a 50 a predetermined first angle position , the second combustion 
second angle position different from the first angle position fluctuation canceled value being a value in which the 
is removed from a rotation speed obtained at the second fluctuation component attributable to combustion is can 
angle position . celed , the second combustion fluctuation canceled value 
A rotation speed in a section of 720xm crank angle being a rotation speed in a section of 720xm crank angle 

degrees contains a fluctuation attributable to acceleration 55 degrees including a second angle position that is separated 
and deceleration according to , for example , an accelerator from the first angle position by less than one cycle , where m 
operation and a vehicle traveling situation . Thus , removing is a natural number ; 
a rotation speed in a section of 720xm crank angle degrees a combustion fluctuation manifested value calculation 
including each angle position from a rotation speed obtained unit that calculates a first fluctuation manifested value and a 
at this position results in cancellation of a fluctuation attrib- 60 second fluctuation manifested value based on the crank 
utable to acceleration and deceleration according to an angle signal while the engine is in operation , the first 
accelerator operation and a vehicle traveling situation . Con fluctuation manifested value being a value in which the 
sequently , a fluctuation component attributable to unequal fluctuation component is manifested , the first fluctuation 
interval combustion is manifested . manifested value being calculated by removing , from a 

Calculating a first - order difference between the rotation 65 rotation speed at the first angle position , the first combustion 
speed at the first angle position in which the fluctuation fluctuation canceled value acquired by the combustion fluc 
component attributable to unequal interval combustion is tuation canceled value acquisition unit , the first combustion 
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fluctuation canceled value being a rotation speed in a section The first - order difference calculation unit calculates the 
of 720xm crank angle degrees including the first angle first - order difference between the first fluctuation manifested 
position , the second fluctuation manifested value being a value and the second fluctuation manifested value obtained 
value in which the fluctuation component is manifested , the by the calculation . 
second fluctuation manifested value being calculated by The specific cylinder misfire determination unit uses the 
removing , from a rotation speed at the second angle posi first - order difference to determine a misfire in a specific 
tion , the second combustion fluctuation canceled value cylinder among the plurality of cylinders included in the 
acquired by the combustion fluctuation canceled value engine . The specific cylinder misfire determination unit 
acquisition unit , the second combustion fluctuation canceled determines a misfire by using the first - order difference , 
value being a rotation speed in a section of 720xm crank 10 without calculating a second - order difference based on the first - order difference . angle degrees including the second angle position ; The first fluctuation manifested value is calculated by a first - order difference calculation unit that calculates a removing the first combustion fluctuation canceled value first - order difference between the first fluctuation manifested from the rotation speed at the first angle position . In value and the second fluctuation manifested value calculated 15 where the engine is , for example , an unequal interval 
by the combustion fluctuation manifested value calculation combustion engine , the first combustion fluctuation canceled 
unit while the engine is in operation , the calculation of the value is a value in which a fluctuation component attribut 
first fluctuation manifested value being performed by able to unequal interval combustion is canceled . 
removing a rotation speed in a section of 720xm crank angle More specifically , the combustion fluctuation canceled 
degrees including the first angle position from a rotation 20 value acquisition unit acquires , as the first combustion 
speed at the first angle position , the calculation of the second fluctuation canceled value , a rotation speed in a section of 
fluctuation manifested value being performed by removing 720xm crank angle degrees including the first angle posi 
a rotation speed in a section of 720xm crank angle degrees tion . The first combustion fluctuation canceled value con 
including the second angle position from a rotation speed at tains a fluctuation attributable to acceleration and decelera 
the second angle position ; and 25 tion according to , for example , an accelerator operation and 

a specific cylinder misfire determination unit that deter a vehicle traveling situation . Thus , removing the first com 
mines a misfire in a specific cylinder among the plurality of bustion fluctuation canceled value from the rotation speed at 
cylinders included in the engine by using the first - order the first angle position results in removal of the fluctuation 
difference between the first fluctuation manifested value and attributable to acceleration and deceleration . The acquisition 
the second fluctuation manifested value , without calculating 30 and calculation performed for the first angle position are 

similarly performed for the second angle position , too . The a second - order difference based on the first - order difference . 
In the engine misfire determination device according to engine misfire determination device according to ( 1 ) enables 

a rotation speed fluctuation caused by the acceleration and ( 1 ) , the combustion fluctuation canceled value acquisition deceleration to be removed with a high accuracy , even in an unit acquires the first combustion fluctuation canceled value 35 unequal interval combustion engine in which a peak value of and the second combustion fluctuation canceled value for the rotation speed and an angle between peaks of the rotation every 720 crank angle degrees based on the crank angle speed within a cycle vary from cylinder to cylinder . Accord 
signal . The first combustion fluctuation canceled value is a ingly , the fluctuation component attributable to unequal 
rotation speed in a section of 720xm crank angle degrees interval combustion can be manifested with a high accuracy . 
including the first angle position . The first combustion 40 In addition , the engine misfire determination device accord 
fluctuation canceled value is a value in which a fluctuation ing to ( 1 ) enables a rotation speed fluctuation caused by the 
component attributable to combustion is canceled . The first acceleration and deceleration to be removed with a high 
combustion fluctuation canceled value is a value in which a accuracy in a case where the engine is an equal interval 
fluctuation component attributable to unequal interval com combustion engine as well as in a case where the engine is 
bustion is canceled in a case where the engine is an unequal 45 an unequal interval combustion engine . 
interval combustion engine . The second combustion fluc Even in a case where the engine is an unequal interval 
tuation canceled value is a rotation speed in a section of combustion engine , the fluctuation component attributable 
720xm crank angle degrees including the second angle to unequal interval combustion is manifested with a high 
position . The second angle position is a position separated accuracy , and therefore a misfire in a specific cylinder can be 
from the first angle position by less than one cycle . The 50 determined with a high accuracy by using the first - order 
second combustion fluctuation canceled value is a value in difference between the first fluctuation manifested value and 

the second fluctuation manifested value . In a case where the which a fluctuation component attributable to combustion is 
canceled . The second combustion fluctuation canceled value engine is an equal interval combustion engine , too , a misfire 

in a specific cylinder can be determined with a high accuracy is a value in which a fluctuation component attributable to 55 by using the first - order difference between the first fluctua unequal interval combustion is canceled in a case where the tion manifested value and the second fluctuation manifested engine is an unequal interval combustion engine . value . 
The combustion fluctuation manifested value calculation Since a misfire is determined using a value of the first 

unit calculates the first fluctuation manifested value in which order difference between the rotation speed for the first angle 
a fluctuation component is manifested , by removing the first 60 position in which the fluctuation component attributable to 
combustion fluctuation canceled value from the rotation unequal interval combustion is manifested and the rotation 
speed at the first angle position . The combustion fluctuation speed for the second angle position in which the fluctuation 
manifested value calculation unit calculates the second component attributable to unequal interval combustion is 
fluctuation manifested value in which a fluctuation compo manifested , a misfire in an unequal interval combustion 
nent is manifested , by removing the second combustion 65 engine can be determined with a high accuracy . 
fluctuation canceled value from the rotation speed at the Determining a misfire by using a value of the first - order 
second angle position . difference between rotation speeds each obtained by remov 
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ing a rotation speed in a section of 720xm crank angle which the first combustion fluctuation canceled value is 
degrees also applicable to an equal interval combustion acquired . Thus , a combustion state at the first angle position 
engine . The combustion fluctuation canceled value acquisi is reflected in the first combustion fluctuation canceled value 
tion unit acquires , as the first combustion fluctuation can and in the first fluctuation manifested value with a higher 
celed value , a rotation speed in a section of 720xm crank 5 accuracy . A combustion state at the second angle position is 
angle degrees including the first angle position . By the reflected in the second combustion fluctuation canceled 
combustion fluctuation manifested value calculation unit , value and in the second fluctuation manifested value with a the first combustion fluctuation canceled value is removed higher accuracy . from the rotation speed at the first angle position , for 
removal of the fluctuation attributable to acceleration and 10 tion device according to ( 2 ) can determine a misfire in a 

Accordingly , the combustion engine misfire determina 
deceleration . In addition , the second combustion fluctuation 
canceled value is removed from the rotation speed at the specific cylinder of various types of engines including an 

equal interval combustion engine with a higher accuracy . second angle position . Determining a misfire by using a 
value of the first - order difference between the rotation speed ( 3 ) Another aspect of the present teaching is the engine 
for the first angle position from which the fluctuation 15 misfire determination device according to ( 1 ) or ( 2 ) , further 
attributable to acceleration and deceleration is removed and including a storage unit that stores a value , in which 
the rotation speed for the second angle position from which the first - order difference calculation unit calculates the 
the fluctuation attributable to acceleration and deceleration first - order difference for every 720 crank angle degrees , and 
is removed enables a misfire to be determined with a high the specific cylinder misfire determination unit stores the 
accuracy in an equal interval combustion engine , too . 20 first - order difference calculated by the first - order difference 

The determination using a value of the first - order differ calculation unit in the storage unit , and determines a misfire 
ence , which is performed by the engine misfire determina in a specific cylinder among the plurality of cylinders 
tion device according to ( 1 ) , is more responsive to accel included in the engine by using the first - order difference 
eration and deceleration according to an accelerator calculated by the first - order difference calculation unit and 
operation and a vehicle traveling situation than a determi- 25 the value stored in the storage unit at a time of a previous 
nation using a value that is based on a rotation speed in a determination . 
wider range , such as a value of a second - order difference . The engine misfire determination device according to ( 3 ) Thus , an erroneous determination is less likely to occur even can determine continuous misfires in a specific cylinder with when acceleration and deceleration according to an accel a higher accuracy . erator operation and a vehicle traveling situation are sud- 30 ( 4 ) A vehicle according to another aspect of the present denly performed . A misfire can therefore be determined with teaching includes : a high accuracy . the engine misfire determination device according to any Accordingly , the engine misfire determination device 
according to ( 1 ) can determine a misfire in various types of one of ( 1 ) to ( 3 ) ; and 
engines including an unequal interval combustion engine 35 an engine for which a misfire is determined by the engine 

misfire determination device . and an equal interval combustion engine . 
( 2 ) Another aspect of the present teaching is the engine The configuration of ( 4 ) can determine a misfire in an 

misfire determination device according to ( 1 ) , in which engine with a high accuracy , both in a case of an engine type 
the combustion fluctuation canceled value acquisition unit being an unequal interval combustion engine and in a case 

acquires , as the first combustion fluctuation canceled value , 40 of an engine type being an equal interval combustion engine . 
a rotation speed in a section of 720xm crank angle degrees The terminology used herein is for defining particular 
centered at the first angle position , and acquires , as the embodiments only and is not intended to be limiting the 
second combustion fluctuation canceled value , a rotation teaching . 
speed in a section of 720xm crank angle degrees centered at As used herein , the term “ and / or ” includes any and all 
the second angle position , and 45 combinations of one or more of the associated listed items . 

the combustion fluctuation manifested value calculation As used herein , the terms " including ” , “ comprising ” , or 
unit calculates the first fluctuation manifested value in which “ having ” , and variations thereof specify the presence of 
the fluctuation component is manifested by removing a stated features , steps , operations , elements , components , 
rotation speed value in a section of 720xm crank angle and / or equivalents thereof , and can include one or more of 
degrees centered at the first angle position from a rotation 50 steps , operations , elements , components , and / or their 
speed at the first angle position , the rotation speed value groups . 
serving as the first combustion fluctuation canceled value As used herein , the terms " attached ” , “ connected ” , 
acquired by the combustion fluctuation canceled value " coupled ” , and / or equivalents thereof are used in a broad 
acquisition unit , and calculates the second fluctuation mani sense , and include both of direct and indirect attachment , 
fested value in which the fluctuation component is mani- 55 connection , and coupling . 
fested by removing a rotation speed value in a section of Unless otherwise defined , all terms ( including technical 
720xm crank angle degrees centered at the second angle and scientific terms ) used herein have the same meaning as 
position from a rotation speed at the second angle position , commonly understood by one of ordinary skill in the art to 
the rotation speed value serving as the second combustion which the present teaching belongs . 
fluctuation canceled value acquired by the combustion fluc- 60 It will be further understood that terms , such as those 
tuation canceled value acquisition unit . defined in commonly used dictionaries , should be inter 

In the combustion engine misfire determination device preted as having a meaning that is consistent with their 
according to ( 2 ) , the rotation speed acquired as the first meaning in the context of the present disclosure and relevant 
combustion fluctuation canceled value is a rotation speed in art and should not be interpreted in an idealized or overly 
a section of 720xm crank angle degrees centered at the first 65 formal sense unless expressly so defined herein . 
angle position . In other words , the first angle position is at It will be understood that the description of the present 
the center of the section of 720xm crank angle degrees for teaching discloses a number of techniques and steps . 
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Each of these has individual benefit and each can also be line engine fueled by gasoline . The engine including a 
used in conjunction with one or more , or in some cases all , plurality of cylinders may be , for example , a two - cylinder 
of the other disclosed techniques . engine , a three - cylinder engine , or an engine with four or 

Accordingly , for the sake of clarity , this description will more cylinders . The engine including a plurality of cylinders 
refrain from repeating every possible combination of the 5 may be , for example , a parallel type engine or a V - type 
individual steps in an unnecessary fashion . engine . 

Nevertheless , Description and Claims should be read with The first - order difference is a value of a difference 
the understanding that such combinations are entirely within between a value corresponding to one crank angle position 
the scope of the present teaching and the claims . and a value corresponding to another crank angle position . 

The second - order difference is a value of a difference This Description describes a novel engine misfire deter- 10 between two first - order differences . mination device . The vehicle includes , for example , wheels in addition to In the description given below , for the purposes of expla the engine . The wheels include a drive wheel that is rotated nation , numerous specific details are set forth in order to by receiving power outputted from the engine . The number provide a thorough understanding of the present teaching . of wheels is not particularly limited . No particular limitation It will be apparent , however , that those skilled in the art 15 is put on the vehicle , and examples thereof include a may practice the present teaching without these specific four - wheel automobile and a straddled vehicle . In an details . instance , the four - wheel automobile has a cabin . The The present disclosure is to be considered as an exem straddled vehicle means a type of vehicle in which a driver plification of the present teaching , and is not intended to strides a saddle when seated . Examples of the straddled limit the present teaching to the specific embodiments 20 vehicle include motorcycles , motor tricycles , and ATVs illustrated by drawings or descriptions below . ( All - Terrain Vehicles ) . The misfire as used herein means a phenomenon where 
combustion of a mixed gas in an engine is not normal . Advantageous Effects of Invention Normal combustion is caused when mixed gas supply , 
compression , and ignition spark are normally performed in 25 The present teaching can provide an engine misfire deter a gasoline engine . Any abnormality in one or more of the mination device applicable to a misfire determination in mixed gas supply , compression , and ignition spark leads to various types of engines , and a vehicle including the engine 
a failure of normal combustion . More specifically , the mis misfire determination device . 
fire as used herein means a phenomenon where normal 
combustion of a mixed gas is not caused because of an 30 BRIEF DESCRIPTION OF DRAWINGS 
abnormality in one or more of the mixed gas supply , 
compression , and ignition spark . FIG . 1 is a diagram schematically showing a configura 

The engine misfire determination device according to the tion of an engine misfire determination device and its 
present teaching can be used for determination of continuous peripheral devices according to a first embodiment of the 
misfires . The engine misfire determination device according 35 present teaching 
to the present teaching can be used for determination of a FIG . 2 is a block diagram showing a hardware configu 
misfire other than continuous misfires . The engine misfire ration of the misfire determination device shown in FIG . 1 . 
determination device according to the present teaching may FIG . 3 is a graph schematically showing a rotation speed 
be used for , for example , determination of a single misfire of a crankshaft rotated by an engine . 
occurring in successive combustions . FIG . 4 is a flowchart of operations of the misfire deter 

Cancellation of a fluctuation component attributable to mination device shown in FIG . 2 . 
combustion includes both zeroing the fluctuation component FIG . 5 is a graph enlarging a part of the rotation speed 
attributable to combustion and reducing the fluctuation shown in FIG . 3 . 
component attributable to combustion as compared to an FIG . 6 is a graph illustrating an equalization value varia 
instantaneous rotation speed based on a crank angle signal . 45 tion in a case of a misfire occurring . 

The engine misfire determination device according to the FIG . 7 depicts graphs showing rotation speed variations in 
present teaching determines a misfire based on a rotation a case of a misfire occurring in a second cylinder and in a 
speed . How to express the rotation speed in the device is not case of a normal state having no misfire . 
particularly limited . For example , the rotation speed may be FIG . 8 depicts graphs showing rotation speed variations in 
expressed as a time required for the crankshaft to rotate 50 a case of a misfire occurring in a first cylinder and in 
through a predefined angle , or may be expressed as a of a normal state having no misfire . 
rotational frequency or angle per unit time which is com FIG . 9 is a diagram showing an external appearance of a 
puted as a reciprocal for the time . straddled vehicle equipped with the misfire determination In the present teaching , the natural number m which device according to the first embodiment or the second 
determines a range corresponding to the combustion fluc- 55 embodiment . 
tuation canceled value is one , for example . The value of m , 
however , is not limited to this , and it may be two or three , DESCRIPTION OF EMBODIMENTS 
for example . 
The engine misfire determination device according to the Some embodiments of the present teaching will now be 

present teaching is applicable to an unequal interval com- 60 described with reference to the drawings . 
bustion engine . The engine misfire determination device 
according to the present teaching is also applicable to an First Embodiment 
equal interval combustion engine . 

The unequal interval combustion engine is an engine in FIG . 1 is a configuration diagram schematically showing 
which each of the plurality of cylinders causes combustion 65 configurations of an engine misfire determination device and 
at unequal intervals on the basis of a crank angle . The its peripheral devices according to a first embodiment of the 
unequal interval combustion engine is , for example , a gaso present teaching . 

40 

case 
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An engine misfire determination device 10 ( which here The CPU 101 executes a computing process based on a 
inafter may be simply referred to as misfire determination control program . The storage unit 102 stores the control 
device 10 ) shown in FIG . 1 determines a misfire in an engine program and information necessary for computation . The 
20 . I / O port 103 inputs and outputs signals to and from an 

The engine 20 may be provided in , for example , a 5 external device . 
straddled vehicle 50 shown in FIG . 9. The engine 20 drives The rotation sensor 105 and the display device 30 ( see 
the straddled vehicle 50 , and more exactly drives a wheel 52 FIG . 1 ) are connected to the I / O port 103 . of the straddled vehicle 50 . The CPU 101 which executes the control program con The engine 20 of this embodiment is a four - stroke engine . trols the hardware shown in FIG . 2 , thus implementing each The engine 20 includes a plurality of cylinders 20a , 206. 10 of the rotation speed acquisition unit 12 , the combustion FIG . 1 shows two cylinders , and an internal configuration of fluctuation canceled value acquisition unit 13 , the combus one of the two cylinders is illustrated . tion fluctuation manifested value calculation unit 14 , the The engine 20 of this embodiment is an unequal interval 
combustion engine , although embodiments of the present specific cylinder misfire determination unit 15 , a misfire 
invention are not limited to an unequal interval combustion 15 announcing unit 19 , and the combustion control unit 11 , 

shown in FIG . 1 . engine . In the engine 20 , combustion in each of the cylinders 
20a , 20b is performed at unequal intervals on the basis of the The rotation speed acquisition unit 12 shown in FIG . 1 
rotation angle of the crankshaft . acquires a rotation speed ( OMG ) of the crankshaft 21 based 

The engine 20 includes a crankshaft 21. The crankshaft 21 on an output of the rotation sensor 105. The rotation speed 
is rotated along with an operation of the engine 20. That is , 20 of the crankshaft 21 is the rotation speed of the engine 20 . 
the crankshaft 21 is rotated by the engine 20. The crankshaft The rotation speed acquisition unit 12 acquires a crank angle 
21 is provided with a plurality of detection object parts 25 signal indicating the rotation angle of the crankshaft 21 from 
for detection of rotation of the crankshaft 21. The detection the rotation sensor 105. The rotation speed acquisition unit 
object parts 25 are arranged in a circumferential direction of 12 acquires the rotation speed of the crankshaft 21 based on 
the crankshaft 21 and spaced from one another by predefined 25 the signal supplied from the rotation sensor 105. The rota 
arrangement angles when viewed from the rotation center of tion speed acquisition unit 12 acquires a rotation speed at a 
the crankshaft 21. The detection object parts 25 move as the specific angle position of the crankshaft 21. Specifically , the 
crankshaft 21 rotates . rotation speed acquisition unit 12 acquires rotation speeds at 

The misfire determination device 10 detects a misfire in 
the engine 20 based on a rotation speed of the crankshaft 21. 30 in 720 crank angle degrees . first and second angle positions that are set for each cylinder 

The misfire determination device 10 of this embodiment The combustion fluctuation canceled value acquisition also has a function as a control device that controls opera unit 13 acquires a combustion fluctuation canceled value tions of the engine 20. The misfire determination device 10 
is an electronic control unit ( ECU ) . The misfire determina ( NEOMG ) based on the crank angle signal while the engine 
tion device 10 includes a combustion control unit 11. The 35 20 is in operation . The combustion fluctuation canceled 
combustion control unit 11 controls a combustion operation value is a rotation speed value in which a fluctuation 
of the engine 20. Here , it may be acceptable that the misfire component attributable to combustion is canceled from the 
determination device 10 is separate from a control device rotation speed of the crankshaft 21 . 
that controls operations of the engine 20 . For example , the combustion fluctuation canceled value 
A rotation sensor 105 and a display device 30 are con- 40 acquisition unit 13 acquires a first combustion fluctuation 

nected to the misfire determination device 10. The rotation canceled value and a second combustion fluctuation can 
sensor 105 is a sensor for acquiring a rotation speed of the celed value in accordance with the first angle position and 
crankshaft 21 of the engine 20. The rotation sensor 105 the second angle position , respectively . More specifically , 
detects rotation of the crankshaft 21. The rotation sensor 105 the combustion fluctuation canceled value acquisition unit 
outputs a signal upon detecting passage of the detection 45 13 acquires a rotation speed in a section of 720xm crank 
object part 25. The rotation sensor 105 outputs a signal each angle degrees including the first angle position , as the first 
time the crankshaft 21 of the engine 20 is rotated through the combustion fluctuation canceled value . The combustion 
arrangement angle . fluctuation canceled value acquisition unit 13 acquires a 

The display device 30 is also connected to the misfire rotation speed in a section of 720xm crank angle degrees 
determination device 10. The display device 30 displays 50 including the second angle position , as the second combus 
information outputted from the misfire determination device tion fluctuation canceled value . Here , m is a natural number . 
10 . This embodiment will be described mainly on the assump 
An intake pressure sensor , a fuel injection device , and a tion that m is one . The combustion fluctuation canceled 

spark plug , all of which are not shown , are also connected value acquisition unit 13 acquires a plurality of combustion 
to the misfire determination device 10 . 55 fluctuation canceled values for every 720 crank angle 

The misfire determination device 10 includes a combus degrees . 
tion fluctuation canceled value acquisition unit 13 , a com FIG . 3 is a graph schematically showing the rotation 
bustion fluctuation manifested value calculation unit 14 , a speed of the crankshaft 21 rotated by the engine 20 . 
first - order difference calculation unit 16 , and a specific In FIG . 3 , the horizontal axis represents a rotation angle 
cylinder misfire determination unit 15. The misfire determi- 60 o of the crankshaft 21 , and the vertical axis represents the 
nation device 10 also includes a rotation speed acquisition rotation speed . 
unit 12 . In FIG . 3 , the solid line indicates the rotation speed OMG 
FIG . 2 is a block diagram showing a hardware configu in a case where no misfire occurs while the engine 20 is in 

ration of the misfire determination device 10 shown in FIG . operation . The rotation speed OMG is formed by connecting 
1 . 65 rotation speeds OMG into a curved line , each of the rotation 
The misfire determination device 10 includes a CPU 101 , speeds OMG being acquired upon passage of each detection 

a storage unit 102 , and an I / O port 103 . object part 25. The rotation speed OMG of FIG . 3 is a 
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rotation speed at every arrangement angle . That is , the difference ( first - order difference ) between a rotation speed at 
rotation speed OMG of FIG . 3 represents an instantaneous the first angle position corresponding to each cylinder and a 
rotation speed . rotation speed at the second angle position that is set 

In an example shown in FIG . 3 , the rotation speed OMG independently of the first angle position . This can reduce a 
repeats an increase due to combustion in each cylinder 20a , 5 deterioration in determination accuracy which can otherwise 
20b and a decrease after the combustion . In the engine 20 be caused by a difference in the rotation speed among the 
( see FIG . 1 ) , each of the plurality of cylinders 20a , 20b plurality of cylinders . 
causes one combustion within a period of one cycle . For A fluctuation in the rotation speed OMG shown in FIG . 3 
example , the period of one cycle has combustion that starts contains a fluctuation that is different from a repetition of 
at compression top dead center ( # 1TDC ) of the first cylinder 10 increase and decrease which is attributable to combustion 
20a and combustion that starts at compression top dead and that is also different from a difference in peak heights 
center ( # 2TDC ) of the second cylinder 20b . which is attributable to unequal interval combustion . In FIG . 

In Description herein , the compression top dead center 3 , for example , a plurality of peaks caused by combustion in 
( # 1TDC ) of the first cylinder 20a serves as a delimiter of one the first cylinder 20a are expressed . The height of a peak 
cycle . 15 caused by combustion in the first cylinder 20a gradually 

In the engine 20 , a rotation angle from the compression rises . Such a fluctuation in the rotation speed is attributable 
top dead center ( # 1 TDC ) of the first cylinder 20a to the to a fluctuation in intake air amount which is caused by a 
subsequent compression top dead center ( # 2TDC ) of the driver's operation for example , or to a fluctuation in load 
second cylinder 20b is different from a rotation angle from applied to the engine . 
the compression top dead center ( # 2TDC ) of the second 20 Thus , the fluctuation attributable to combustion contains 
cylinder 20b to the subsequent compression top dead center a fluctuation as indicated by the broken line NEOMG . Under 
( # 1TDC ) of the first cylinder 20a . the engine 20 , in the this state , in spite of an attempt to remove an influence of the 
same cycle , the height of a rotation speed peak caused by peak height differences among cylinders from the determi 
combustion in the first cylinder 20a is different from the nation , it is difficult to appropriately remove the influence . 
height of a rotation speed peak caused by combustion in the 25 This lowers the accuracy of the misfire determination in the 
second cylinder 20b . engine 20 . 

In FIG . 3 , the fine dotted line indicates a rotation speed In the misfire determination device 10 of this embodi 
OMG ' in a case of a misfire occurring in the second cylinder ment , a rotation speed fluctuation attributable to unequal 
20b . In a case of a misfire occurring in a cylinder , an interval combustion is manifested by the combustion fluc 
increment of the rotation speed corresponding to the cylin- 30 tuation canceled value acquisition unit 13 and the combus 
der where the misfire has occurred is smaller as compared to tion fluctuation manifested value calculation unit 14 shown 
when no misfire occurs . Specifically , the rotation speed in FIG . 1 . 
corresponding to the cylinder where the misfire has occurred A misfire determination for the second cylinder 20b will 
decreases . now be described as an example . The angle position t3 

Basically , the specific cylinder misfire determination unit 35 shown in FIG . 3 is set as the first angle position correspond 
15 determines a misfire based on a difference between the ing to the second cylinder 20b . At the first angle position t3 
rotation speeds at the first and second angle positions that are for the second cylinder 20b , an influence of combustion in 
set for each cylinder . The first angle position is set to an the second cylinder 20b is likely to be reflected in the 
angle position where an influence of combustion in a cor rotation speed . The angle position t2 is set as the second 
responding cylinder is likely to be reflected in the rotation 40 angle position corresponding to the second cylinder 20b . In 
speed . The second angle position is set to a position sepa the example shown in FIG . 3 , the angle position t2 serves 
rated from the first angle position by less than one cycle . also as the first angle position corresponding to the first 

In the misfire determination device 10 of this embodi cylinder . The following description will be given with the 
ment , an angle position t2 is set as the first angle position angle position t2 seen as the second angle position corre 
corresponding to the first cylinder , and an angle position tl 45 sponding to the second cylinder 20b . 
is set as the second angle position corresponding to the first The second angle position t2 is detected earlier than the 
cylinder . first angle position t3 is . The rotation speed acquisition unit 
An angle position t3 is set as the first angle position 12 acquires a rotation speed OMGIC at the second angle 

corresponding to the second cylinder , and the angle position position t2 for the second cylinder 20b . The rotation speed 
t2 is set as the second angle position . 50 acquisition unit 12 acquires a rotation speed OMG2C at the 

The first angle position and the second angle position first angle position t3 . The combustion fluctuation canceled 
corresponding to each cylinder are fixed angle positions value acquisition unit 13 acquires a second combustion 
within one cycle . The first angle position and the second fluctuation canceled value NEOMGIC at the second angle 
angle position corresponding to each cylinder comes once in position t2 . The second combustion fluctuation canceled 
each cycle of the engine 20 . 55 value NEOMG1C is a rotation speed in a section of 720 

For example , the specific cylinder misfire determination crank angle degrees including the second angle position t2 , 
unit 15 of this embodiment determines a misfire in the as described above . The combustion fluctuation canceled 
second cylinder based on a difference between a rotation value acquisition unit 13 acquires a first combustion fluc 
speed at the first angle position t3 and a rotation speed at the tuation canceled value NEOMG2C at the first angle position 
second angle position t2 . 60 t3 . The first combustion fluctuation canceled value 

In the engine 20 , as mentioned above , the height of a NEOMG2C is a rotation speed in a section of 720 crank 
rotation speed peak caused by combustion in the first angle degrees including the first angle position t3 . An actual 
cylinder 20a and the height of a rotation speed peak caused timing when each of the values is acquired is after passing 
by combustion in the second cylinder 20b are different from a section range corresponding to the value , as will be 
each other even when no misfire occurs . 65 described later . 

Basically , the specific cylinder misfire determination unit After the second combustion fluctuation canceled value 
15 of this embodiment determines a misfire based on a NEOMG1C is acquired at the second angle position t2 , the 
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combustion fluctuation manifested value calculation unit 14 the first fluctuation manifested value AOMG2C and the 
removes the second combustion fluctuation canceled value second fluctuation manifested value AOMG1C ( S16 ) . 
NEOMG1C from the rotation speed OMGIC at the second Then , the specific cylinder misfire determination unit 15 
angle position t2 . By removing the second combustion determines a misfire in a specific cylinder of the engine 20 
fluctuation canceled value NEOMG1C from the rotation 5 ( S15 ) . More specifically , in step S15 , the equalization pro 
speed OMG1C at the second angle position , the combustion cessing unit 17 equalizes the first - order difference ( S17 ) . 
fluctuation manifested value calculation unit 14 calculates a Then , the determination unit 18 determines the presence or second fluctuation manifested value AOMG1C in which a absence of a misfire based on an equalized difference ( S18 ) . fluctuation component attributable to unequal interval com Each of the rotation speed acquisition unit 12 , the com bustion is manifested . bustion fluctuation canceled value acquisition unit 13 , the Then , the combustion fluctuation manifested value calcu 
lation unit 14 removes the first combustion fluctuation specific cylinder misfire determination unit 15 , the first 

order difference calculation unit 16 , the equalization pro canceled value NEOMG2C from the rotation speed OMG2C 
at the first angle position t3 . By removing the first combus cessing unit 17 , and the determination unit 18 executes data 
tion fluctuation canceled value NEOMG2C from the rotation 15 processing when its processing object data becomes proc 
speed OMG2C at the first angle position , the combustion essable . 
fluctuation manifested value calculation unit 14 calculates a If the specific cylinder misfire determination unit 15 
first fluctuation manifested value AOMG2C in which a determines that a misfire has occurred in the specific cylin 
fluctuation component attributable to unequal interval com der ( S18 : Yes ) , the misfire announcing unit 19 announces the 
bustion is manifested . 20 presence of a misfire ( S19 ) . If the specific cylinder misfire 

The first - order difference calculation unit 16 calculates a determination unit 15 does not determine the presence of a 
difference between the first fluctuation manifested value misfire ( S18 : No ) , the misfire announcing unit 19 does not 
AOMG2C and the second fluctuation manifested value perform announcement . 
AOMG1C . The difference calculated by the first - order dif The order in which the combustion control unit 11 , the 
ference calculation unit 16 is a first - order difference . 25 rotation speed acquisition unit 12 , the combustion fluctua 

For example , the first - order difference calculation unit 16 tion canceled value acquisition unit 13 , the specific cylinder 
calculates a first - order difference NDOMG2C between the misfire determination unit 15 , and the misfire announcing 
first fluctuation manifested value AOMG2C ( OMG2C unit 19 are operated is not limited to the one shown in FIG . 
NEOMG2C ) for the second cylinder 20b and the second 4. Processing in some of the units may be collectively 
fluctuation manifested value AOMGIC ( OMG1C- 30 executed by computing an expression to acquire one value . 
NEOMG1C ) for the second cylinder 20b . It may not be always necessary that the misfire announcing 

The specific cylinder misfire determination unit 15 deter unit 19 announces the presence of a misfire whenever the 
mines a misfire based on the first - order difference specific cylinder misfire determination unit 15 determines 
NDOMG2C calculated by the first - order difference calcu the presence of a misfire . For example , it may be acceptable 
lation unit 16 while the engine 20 is in operation . 35 that the specific cylinder misfire determination unit 15 stores 
The specific cylinder misfire determination unit 15 a determination result indicating the presence of a misfire 

includes an equalization processing unit 17 and a determi each time the specific cylinder misfire determination unit 15 
nation unit 18. Details of the equalization processing unit 17 determines the presence of a misfire , and the misfire 
and the determination unit 18 will be described later . announcing unit 19 announces the presence of a misfire if 
FIG . 4 is a flowchart of operations of the misfire deter- 40 the determination result indicating the presence of a misfire , 

mination device 10 shown in FIG . 2 . which is stored by the specific cylinder misfire determina 
The misfire determination device 10 repeatedly executes tion unit 15 , satisfies a predetermined condition . 

processing shown in FIG . 4 . Details of the units shown in FIG . 1 and FIG . 3 will now 
In the misfire determination device 10 , first , the combus be described . 

tion control unit 11 controls a combustion operation of the 45 [ Rotation Speed Acquisition Unit ] 
engine 20 ( S11 ) . Then , the rotation speed acquisition unit 12 The rotation speed acquisition unit 12 acquires a rotation 
acquires rotation speeds OMG2C , OMG1C of the crankshaft speed of the crankshaft 21 based on a signal supplied from 
21 at the first and second angle positions , respectively ( S12 ) . the rotation sensor 105 ( see FIG . 1 ) . The rotation speed 
Then , the combustion fluctuation canceled value acquisition acquisition unit 12 acquires a rotation speed by measuring a 
unit 13 acquires a first combustion fluctuation canceled 50 time interval of signal outputs from the rotation sensor 105 . 
value NEOMG2C and a second combustion fluctuation The rotation speed acquisition unit 12 also acquires an angle 
canceled value NEOMGIC corresponding to the first angle position of the crankshaft 21 based on a signal supplied from 
position and the second angle position , respectively ( S13 ) . the rotation sensor 105 . 

Then , the combustion fluctuation manifested value calcu In the misfire determination device 10 , a plurality of first 
lation unit 14 removes the first combustion fluctuation 55 angle positions and a plurality of second angle positions 
canceled value NEOMG2C acquired by the combustion corresponding to each of a plurality of cylinders are set 
fluctuation canceled value acquisition unit 13 from the within one cycle . For example , the rotation speed acquisition 
rotation speed OMG2C at the first angle position , to calcu unit 12 of this embodiment acquires the rotation speed 
late a first fluctuation manifested value AOMG2C . The OMGIC at the first angle position t2 corresponding to the 
combustion fluctuation manifested value calculation unit 14 60 first cylinder 20a . The rotation speed acquisition unit 12 also 
also removes the second combustion fluctuation canceled acquires the rotation speed OMG2C at the first angle posi 
value NEOMGIC acquired by the combustion fluctuation tion t3 corresponding to the second cylinder 20b . 
canceled value acquisition unit 13 from the rotation speed As the rotation speed OMG at the angle position t2 , for 
OMG1C at the second angle position , to calculate a second example , the rotation speed acquisition unit 12 acquires a 
fluctuation manifested value AOMG1C ( S14 ) . 65 rotation speed OMG1C corresponding to an arrangement 

Then , the first - order difference calculation unit 16 calcu angle ranging from the detection object part 25 associated 
lates a first - order difference which is a difference between with the angle position t2 to the adjacent detection object 
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part 25. In this case , an instantaneous rotation speed is In the example described above , a second angle position 
obtained as the rotation speed OMG1C corresponding to the corresponding to one cylinder is set to the same position as 
first angle position t2 . a first angle position corresponding to another cylinder , but 

Here , the rotation speed acquisition unit 12 may be setting of the second angle position is not limited to this . For 
configured to acquire a rotation speed in a period corre 5 example , a second angle position corresponding to one 
sponding to detection of three or more detection object parts cylinder may be different from a first angle position corre 
25 , as the rotation speed OMG1C at the angle position t2 . In sponding to another cylinder . 
other words , the rotation speed acquisition unit 12 may [ Combustion Fluctuation Canceled Value Acquisition 
acquire a rotation speed corresponding to a section that Unit ] 
extends over a plurality of arrangement angles , as the 10 The combustion fluctuation canceled value acquisition 
rotation speed OMGIC . That is , the rotation speed acquisi unit 13 acquires a rotation speed in a section of 720 crank 
tion unit 12 may acquire a rotation speed in a predetermined angle degrees including a first angle position , as a first 
angle range including a certain angle position , as a rotation combustion fluctuation canceled value . 
speed at the certain angle position . For example , the rotation The combustion fluctuation canceled value acquisition 
speed acquisition unit 12 may acquire a rotation speed in a 15 unit 13 of this embodiment acquires rotation speeds 
range of 360 degrees centered at the first angle position t2 NEOMG1C and NEOMG2C in sections of 720 crank angle 
corresponding to the first cylinder 20a , as a rotation speed at degrees centered at a plurality of angle positions t2 and t3 , 
the first angle position t2 . In this case , the rotation speed respectively . 
acquisition unit 12 acquires a rotation speed based on a time For example , the combustion fluctuation canceled value 
interval from ( t1 ) when the detection object part 25 arranged 20 acquisition unit 13 acquires a rotation speed NEOMG2C in 
180 degrees before the detection object part 25 associated a section LN2C of 720 crank angle degrees centered at the 
with the first angle position t2 is detected by the rotation first angle position t3 corresponding to the second cylinder 
sensor 105 to ( t3 ) when the same detection object part 25 is 20b . The section LN2C of 720 crank angle degrees centered 
detected after one rotation of the crankshaft 21. In this at the first angle position t3 is a section from the angle 
configuration , one detection object part 25 is detected twice 25 position t2 to the angle position t4 . The rotation speed 
to acquire a rotation speed . NEOMG2C thus acquired is first combustion fluctuation 

The rotation speed acquisition unit 12 of this embodiment canceled value corresponding to the second cylinder 20b . 
also acquires a rotation speed at the second angle position . The combustion fluctuation canceled value acquisition 
A first angle position and a second angle position corre unit 13 also acquires a rotation speed NEOMG1C in a 

sponding to one cylinder are set at different positions . As 30 section LN1C of 720 crank angle degrees centered at the 
mentioned above , a second angle position corresponding to second angle position t2 corresponding to the second cyl 
one cylinder may be the same as a first angle position inder 20b . The section LN1C of 720 crank angle degrees 
corresponding to another cylinder . For example , the second centered at the second angle position t3 is a section from the 
angle position corresponding to the second cylinder 20b is angle position t1 to the angle position t3 . The rotation speed 
the same as the first angle position t2 corresponding to the 35 NEOMG1C thus acquired is a second combustion fluctua 
first cylinder 20a . The second angle position corresponding tion canceled value corresponding to the second cylinder 
to the first cylinder 20a is the same as the first angle position 20b . 
t1 corresponding to the second cylinder 20b in the previous FIG . 5 is a graph enlarging a part of the rotation speed 
cycle . shown in FIG . 3 . 

In this embodiment , a rotation speed at the first angle 40 In FIG . 5 , a part of the rotation speed OMG of FIG . 3 is 
position and a rotation speed at the second angle position for shown with the horizontal axis enlarged . The horizontal axis 
each of the two cylinders can be covered by rotation speeds of FIG . 5 as well as FIG . 3 represents the rotation angle of 
at two positions per one cycle . the crankshaft 21. On the horizontal axis of FIG . 5 , numbers 
A second angle position corresponding to a first angle are given for identifying the detection object parts 25 

position is preset in consideration of a value obtained by 45 provided in the crankshaft 21. The numbers shown are odd 
removing a rotation speed ( second combustion fluctuation numbers . For example , the first angle position t2 corre 
canceled value ) in a section of 720 crank angle degrees sponding to the first cylinder 20a is associated with the 
centered at the second angle position from a rotation speed detection object part 25 of No. 27. The detection object parts 
at the second angle position . More specifically , a second 25 of No. 25 to No. 47 are the same as the detection object 
angle position is such a position that a second fluctuation 50 parts 25 of No. 1 to No. 23 , respectively . These detection 
manifested value obtained by removing a second combus object parts 25 are assigned different numbers for distinction 
tion fluctuation canceled value from a rotation speed at the of rotation angle positions in one cycle , that is , in two 
second angle position is opposite in plus / minus sign to a first rotations of the crankshaft 21 . 
fluctuation manifested value at a first angle position in a case FIG . 5 also shows crank angle ranges , respectively for the 
of a misfire occurring . 55 first combustion fluctuation canceled value NEOMG2C and 

For example , the fine dotted line of FIG . 3 indicates a the second combustion fluctuation canceled value 
rotation speed OMG ' in a case of a misfire occurring in the NEOMGIC corresponding to the second cylinder 206 . 
second cylinder 20b . A second angle position corresponding The combustion fluctuation canceled value acquisition 
to the second cylinder 20b is set to t2 . A second fluctuation unit 13 acquires the rotation speed NEOMG2C in the section 
manifested value ( OMG1C - NEOMG1C ) obtained by 60 LN2C of 720 crank angle degrees including the first angle 
removing a second combustion fluctuation canceled value position t3 corresponding to the second cylinder 206. More 
NEOMG1C in a section of 720 crank angle degrees centered specifically , the combustion fluctuation canceled value 
at the second angle position t2 from a rotation speed acquisition unit 13 acquires a rotation speed from the angle 
OMG1C at the second angle position t2 is positive . A first position ( t2 ) associated with the detection object part 25 of 
fluctuation manifested value ( OMG2C - NEOMG2C ) at the 65 No. 27 to the angle position ( 14 ) associated with the detec 
first angle position t3 corresponding to the second cylinder tion object part 25 of No. 27 that is detected next . The 
20b is negative . acquired rotation speed is a first combustion fluctuation 
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canceled value NEOMG2C corresponding to the second rotation speed in the section LN1C of 720 crank angle 
cylinder 206. That is , the combustion fluctuation canceled degrees centered at the second angle position t2 . 
value acquisition unit 13 acquires the first combustion As described above , the intervals of combustion in the 
fluctuation canceled value NEOMG2C based on a time in cylinders included in the engine 20 are not equal . Any of the 
which the detection object part 25 of No. 27 ( which is the 5 cylinders included in the engine 20 completes its one - cycle 
same as No. 3 ) continuously passes three times . operation in 720 crank angle degrees . Thus , the combustion 
The combustion fluctuation canceled value acquisition fluctuation canceled value NEOMG is a value in which a unit 13 also acquires the rotation speed NEOMG1C in the fluctuation component attributable to combustion is can section LN1C of 720 crank angle degrees including the celed . The combustion fluctuation canceled value NEOMG second angle position t2 corresponding to the second cyl- 10 which is a rotation speed in a section of 720 crank angle 

inder 20b . More specifically , the combustion fluctuation degrees is a value in which a fluctuation component attrib canceled value acquisition unit 13 acquires a rotation speed utable to unequal interval combustion is canceled . For from the angle position ( t1 ) associated with the detection 
object part 25 of No. 3 to the angle position ( t3 ) associated example , a section of 720 crank angle degrees , for which the 

combustion fluctuation canceled value NEOMG2C is with the detection object part 25 of No. 3 that is detected 15 
next . The acquired rotation speed is a second combustion acquired , includes the first angle position ( e.g. , t3 ) . Accord 
fluctuation canceled value NEOMG1C corresponding to the ingly , a state of the section including the first angle position 
second cylinder 20b . That is , the combustion fluctuation is reflected in the combustion fluctuation canceled value 
canceled value acquisition unit 13 acquires the second NEOMG . 
combustion fluctuation canceled value NEOMG1C based on 20 The combustion fluctuation canceled value acquisition 
a time in which the detection object part 25 of No. 3 ( which unit 13 of this embodiment additionally acquires a rotation 
is the same as No. 27 ) continuously passes three times . speed in a section of 720 crank angle degrees , as a second 

Acquisition of a rotation speed by the rotation speed combustion fluctuation canceled value for a second angle 
acquisition unit 12 will now be described with reference to position . In this embodiment , as described above , the second 
FIG . 5 . 25 angle position ( t2 ) corresponding to one cylinder ( for 
As the rotation speed OMGIC at the first angle position example , the second cylinder 20b ) is the same as the first 

t2 corresponding to the first cylinder 20a , the rotation speed angle position ( 12 ) corresponding to another cylinder ( first 
acquisition unit 12 acquires , for example , a rotation speed cylinder 20a ) . Thus , when a first combustion fluctuation 
NEOMGIC from the angle position associated with the canceled value is acquired at a first angle position , a second 
detection object part 25 of No. 25 to the angle position 30 combustion fluctuation canceled value at a second angle 
associated with the detection object part 25 of No. 27 . position corresponding to another cylinder is simultaneously 

It may be also possible that the rotation speed acquisition acquired . 
unit 12 acquires , as the rotation speed OMGIC , a rotation ombustion Fluctuation Manifested Value Calculation 
speed over 360 degrees from the angle position associated Unit ] 
with the detection object part 25 of No. 15 to the angle 35 The combustion fluctuation manifested value calculation 
position associated with the detection object part 25 of No. unit 14 calculates the fluctuation manifested value AOMG 
39. The detection object part 25 of No. 15 is the same as the by removing the combustion fluctuation canceled value 
detection object part 25 of No. 39. In this case , therefore , the NEOMG from the rotation speed OMG . 
rotation speed acquisition unit 12 acquires the rotation speed The combustion fluctuation manifested value calculation 
OMGIC at the first angle position t2 based on a time in 40 unit 14 removes the first combustion fluctuation canceled 
which the detection object part 25 of No. 15 ( which is the value NEOMG2C acquired by the combustion fluctuation 
same as No. 39 ) continuously passes twice . canceled value acquisition unit 13 from the rotation speed 
As the rotation speed OMG2C at the first angle position OMG2C at the first angle position t3 corresponding to the 

t3 corresponding to the second cylinder 206 , the rotation second cylinder 20b . In this manner , the combustion fluc 
speed acquisition unit 12 acquires , for example , a rotation 45 tuation manifested value calculation unit 14 calculates the 
speed from the angle position associated with the detection first fluctuation manifested value AOMG2C . 
object part 25 of No. 1 to the angle position associated with The combustion fluctuation manifested value calculation 
the detection object part 25 of No. 3. It may be also possible unit 14 also removes the second combustion fluctuation 
that the rotation speed acquisition unit 12 acquires , as the canceled value NEOMG1C from the rotation speed OMGIC 
rotation speed OMG2C , a rotation speed over 360 degrees 50 at the second angle position t2 corresponding to the second 
from the angle position associated with the detection object cylinder 206. In this manner , the combustion fluctuation 
part 25 of No. 39 to the angle position associated with the manifested value calculation unit 14 calculates the second 
detection object part 25 of No. 15 . fluctuation manifested value AOMGIC . 

Referring to FIG . 3 again , the combustion fluctuation Removal of the combustion fluctuation canceled value 
canceled value will be described . 55 NEOMG corresponding to each angle position from the 

The rotation speed NEOMG shown in FIG . 3 indicates a rotation speed OMG at the angle position means that a 
rotation speed at a rotation angle o in a section of 720 crank fluctuation caused by an accelerator operation , acceleration , 
angle degrees centered at the rotation angle 0 . and deceleration are removed . 
As the first combustion fluctuation canceled value The combustion fluctuation canceled value acquisition 

NEOMG2C for the first angle position t3 corresponding to 60 unit 13 described above acquires a rotation speed in a section 
the second cylinder 20b , the combustion fluctuation can of 720 ( 720xm ; m = 1 ) crank angle degrees , so that a fluc 
celed value acquisition unit 13 acquires a rotation speed in tuation caused by an accelerator operation , acceleration , and 
the section LN2C of 720 crank angle degrees centered at the deceleration is reflected in a combustion fluctuation can 
first angle position t3 . As the second combustion fluctuation celed value NEOMG with a higher accuracy . As a result , in 
canceled value NEOMG1C for the second angle position t2 65 a fluctuation manifested value AOMG calculated by remov 
corresponding to the second cylinder 20b , the combustion ing the first combustion fluctuation canceled value NEOMG 
fluctuation canceled value acquisition unit 13 acquires a from the rotation speed OMG , an influence of fluctuation 
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caused by the accelerator operation , acceleration , and decel difference calculation unit 16. For example , the first - order 
eration is removed to a larger extent . difference calculation unit 16 calculates one first - order dif 

[ First - Order Difference Calculation Unit ] ference for the first cylinder 20a per one cycle of the engine 
The first - order difference calculation unit 16 calculates a 20. The equalization processing unit 17 cumulatively equal 

difference between the first fluctuation manifested value 5 izes the value of the first - order difference thus calculated . 
AOMG2C and the second fluctuation manifested value As a calculation process for equalization , for example , an AOMG1C . exponential moving average process ( smoothing process ) is 

For example , the first - order difference calculation unit 16 adopted . To be specific , the equalization processing unit 17 
calculates the difference NDOMG2C between the first fluc stores the first - order difference calculated by the first - order tuation manifested value AOMG2C ( OMG2C - NEOMG2C ) 10 difference calculation unit 16 in the storage unit 102 ( see for the second cylinder 20b and the second fluctuation 
manifested value AOMGIC ( OMG1C - NEOMG1C ) for the FIG . 2 ) , and calculates an average value based on the 
second cylinder 20b . first - order difference calculated by the first - order difference 

In this embodiment , the second angle position for the calculation unit 16 and the value stored in the storage unit 
second cylinder 20b is the same as the first angle position t2 15 102 at a time of a previous determination . 
for the first cylinder . The second fluctuation manifested The equalization process makes disturbance less influen 
value for the second cylinder , therefore , is the same as the tial to rotation of the crankshaft 21 for example , and enables 
first fluctuation manifested value ( OMGIC - NEOMG1C ) misfires that continuously occur to be determined with a 
for the first cylinder . higher accuracy . 
A difference calculated by the first - order difference cal- 20 The determination unit 18 determines a misfire based on 

culation unit 16 is a first - order difference between rotation the equalization value calculated by the equalization pro 
speeds at two different positions . cessing unit 17. If the equalization value calculated by the 

In detail , the first - order difference is calculated based on equalization processing unit 17 exceeds a predetermined 
the following expression : reference value , the determination unit 18 determines that a 

25 misfire has occurred in a corresponding cylinder . The deter 
NDOMG2C = ( OMG1C - NEOMG1C ) - ( OMG2C mination unit 18 counts the number of times it is determined NEOMG2C ) , that a misfire has occurred . The reference value is a value 

where prestored in the misfire determination device 10. The refer 
OMG2C represents a rotation speed at a first angle ence value is constituted by a map . The reference value is 

position ; 30 constituted by a map associated with , for example , a corre 
NEOMG2C represents a first combustion fluctuation can sponding cylinder , a rotation speed , and an intake air pres 

celed value at the first angle position ; sure of the engine 20 . 
OMG1C represents a rotation speed at a second angle If the equalization value calculated by the equalization 

position ; and processing unit 17 exceeds a reference value selected in 
NEOMG1C represents a second combustion fluctuation 35 accordance with a cylinder , a rotation speed , and an intake 

canceled value at the second angle position . air pressure , the determination unit 18 determines that a 
To determine a misfire in the first cylinder 20a , the misfire has occurred in a corresponding cylinder . 

first - order difference calculation unit 16 calculates a first FIG . 6 is a graph illustrating an equalization value varia 
order difference NDOMG1C between a first fluctuation tion in a case of a misfire occurring . 
manifested value for the first cylinder 20a and a second 40 In FIG . 6 , the horizontal axis represents the number of 
fluctuation manifested value for the first cylinder 20a . operation cycles of the engine 20. In the graph , the solid line 

The first - order difference for the first cylinder 20a is indicates an equalization value NDOMG obtained through 
calculated based on the following expression : the processing executed by the equalization processing unit 

17 . 
NDOMG1C = ( OMG2C - NEOMG2C ) - ( OMG1C When continuous misfires occur in the first cylinder 20a , NEOMGIC ) . the equalization value NDOMG gradually increases along 

In detail , OMG2C and NEOMG2C are values at the with the operation , due to the equalization process executed 
second angle position tl corresponding to the first cylinder by the equalization processing unit 17 . 
20a . If the equalization value NDOMG exceeds the reference 

[ Specific Cylinder Misfire Determination Unit ] 50 value , the determination unit 18 determines that continuous 
The specific cylinder misfire determination unit 15 deter misfires have occurred in a cylinder corresponding to this 

mines a misfire based on a difference between a first equalization value NDOMG The determination unit 18 
fluctuation manifested value and a second fluctuation mani counts the number of times the equalization value NDOMG 
fested value which is calculated by the first - order difference exceeds the reference value . In an example shown in FIG . 6 , 
calculation unit 16 while the engine 20 is in operation . 55 therefore , after the equalization value NDOMG exceeds the 
The specific cylinder misfire determination unit 15 of this reference value , a count value increases as the number of 

embodiment determines a misfire through the processing cycles increases . The count value roughly indicates the 
executed by the equalization processing unit 17 and the number of times a misfire has occurred . 
determination unit 18 . In this manner , the specific cylinder misfire determination 

The following configurations and operations of the equal- 60 unit 15 shown in FIG . 1 determines a misfire in a specific 
ization processing unit 17 and the determination unit 18 can cylinder among the plurality of cylinders included in the 
be considered as configurations and operations of the spe engine 20 , based on the first - order difference between the 
cific cylinder misfire determination unit 15 . first fluctuation manifested value AOMG2C and the second 
The equalization processing unit 17 equalizes , for each fluctuation manifested value AOMG1C , which difference is 

cylinder , a first - order difference between a first fluctuation 65 calculated by the combustion fluctuation manifested value 
manifested value and a second fluctuation manifested value , calculation unit 14. The specific cylinder misfire determi 
which difference is sequentially calculated by the first - order nation unit 15 determines a misfire in a specific cylinder by 
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using the first - order difference , without calculating a sec As shown in the part ( A ) of FIG . 7 , the rotation speed 
ond - order difference based on the first - order difference . AOMG , AOMG ' obtained after the processing is executed 

[ Misfire Announcing Unit ] by the combustion fluctuation manifested value calculation 
The misfire announcing unit 19 announces the presence or unit 14 has a suppressed variability for each cycle . 

absence of a misfire , which is determined by the specific 5 As a result , in the rotation speed ( fluctuation manifested 
cylinder misfire determination unit 15. If the presence of a value ) AOMG , AOMG ' , a fluctuation caused by unequal 
misfire is determined by the specific cylinder misfire deter interval combustion is manifested more largely . Using the 
mination unit 15 , the misfire announcing unit 19 directs the rotation speeds AOMG , AOMG ' in which the unequal 
display device 30 ( see FIG . 1 ) to display the presence of a interval combustion fluctuation is manifested enables a 
misfire . The misfire announcing unit 19 also directs the 10 decrease of the value at the first angle position t3 corre 
display device 30 to display the count value counted by the sponding to the second cylinder to be determined with a high 
determination unit 18 , as the number of times a misfire has accuracy . 
occurred . Particularly , a first - order difference between the rotation 

In this embodiment , the first combustion fluctuation can speed AOMG ' at the first angle position t3 corresponding to 
celed value NEOMG2C is removed from the rotation speed 15 the second cylinder 20b and the rotation speed AOMG ' at the 
OMG2C at the first angle position t3 corresponding to the second angle position t2 corresponding to the first angle 
second cylinder 20b , to calculate the first fluctuation mani position t3 , which difference is obtained in a case of a misfire 
fested value AOMG2C ( OMG2C - NEOMG2C ) . The second occurring in the second cylinder 206 , is larger than a 
combustion fluctuation canceled value NEOMG1C is first - order difference in the rotation speed AOMG which is 
removed from the rotation speed OMG1C at the second 20 obtained when no misfire occurs . 
angle position t2 corresponding to the second cylinder 206 , In this manner , a misfire in the second cylinder 20b of the 
to calculate the second fluctuation manifested value engine 20 can be determined with a high accuracy , based on 
AOMG1C ( OMG1C - NEOMGIC ) . the first - order difference in the rotation speed AOMG , 

In the first fluctuation manifested value AOMG2C , a AOMG ' in which a fluctuation caused by unequal interval 
combustion state in a section including the first angle 25 combustion is manifested by the combustion fluctuation 
position t3 is reflected with a high accuracy . In the first manifested value calculation unit 14 . 
fluctuation manifested value , therefore , a fluctuation in a FIG . 8 contains graphs showing rotation speed variations 
case of a misfire occurring in the second cylinder 20b in a case of a misfire occurring in a first cylinder and in a 
appears more prominently . case of a normal state having no misfire . 
FIG . 7 contains graphs showing rotation speed variations 30 The part ( A ) of FIG . 8 shows a rotation speed after the 

in a case of a misfire occurring in a second cylinder and in processing is executed by the combustion fluctuation mani 
a case of a normal state having no misfire . fested value calculation unit 14. The part ( B ) of FIG . 8 

The part ( A ) of FIG . 7 shows a rotation speed ( fluctuation shows a rotation speed before the processing is executed by 
manifested value ) AOMG after the processing is executed the combustion fluctuation manifested value calculation unit 
by the combustion fluctuation manifested value calculation 35 14 . 
unit 14. The part ( B ) of FIG . 7 shows a rotation speed OMG Even in a case of a misfire occurring in the first cylinder 
before the processing is executed by the combustion fluc 20a , the rotation speed AOMG , AOMG ' obtained after the 
tuation manifested value calculation unit 14. In FIG . 7 , processing is executed by the combustion fluctuation mani 
measured values of rotation speeds in a plurality of cycle are fested value calculation unit 14 has a suppressed variability 
superimposed . FIG . 7 shows a rotation speed variation over 40 for each cycle , as shown in the part ( A ) of FIG . 8 . 
a continuous angle position range , not limited to a position Accordingly , a misfire in the first cylinder 20a of the 
where the misfire determination device 10 actually acquires engine 20 can be determined with a high accuracy , based on 
a rotation speed , for the purpose of illustrating manifestation the first - order difference in the rotation speed AOMG , 
of a fluctuation caused by unequal interval combustion . In AOMG ' in which a fluctuation caused by unequal interval 
FIG . 7 , for each rotation angle , a rotation speed in an angle 45 combustion is manifested by the combustion fluctuation 
range of 360 degrees centered at this angle is indicated as the manifested value calculation unit 14 . 
rotation speed OMG . In the graphs , the broken line indicates The description of this embodiment deals with a case 
a rotation speed in a case of a misfire occurring , and the solid where the misfire determination device 10 determines a 
line indicates a rotation speed in a normal state having no misfire in the engine 20 which is an unequal interval 
misfire . 50 combustion engine . The misfire determination device 10 of 
As shown in the part ( B ) of FIG . 7 , the rotation speed this embodiment , however , is also applicable to an equal 

OMG , OMG ' before the processing is executed by the interval combustion engine without any change . In such a 
combustion fluctuation manifested value calculation unit 14 case , a plurality of first angle positions corresponding to 
exhibits a rotation speed fluctuation in a wide range . respective cylinders are set at equal intervals . A plurality of 

For example , the rotation speed OMG in a normal state 55 second angle positions are also set at equal intervals . 
before the processing is executed contains a repetition of In such a configuration , the combustion fluctuation mani 
increase and decrease within one cycle , which is attributable fested value calculation unit 14 calculates a first fluctuation 
to combustion . In a case of a misfire occurring , the rotation manifested value and a second fluctuation manifested value 
speed OMG ' at the first angle position t3 corresponding to in which a fluctuation component caused by combustion is 
the second cylinder tends to be lower than in a case of the 60 manifested . The first - order difference calculation unit 16 
normal state . The rotation speed OMG , OMG ' before the calculates a difference between the first fluctuation mani 
processing is executed by the combustion fluctuation mani fested value and the second fluctuation manifested value . 
fested value calculation unit 14 exhibits a large fluctuation The specific cylinder misfire determination unit 15 deter 
( variability ) which exceeds a cycle period . Thus , using only mines a misfire in a specific cylinder among a plurality of 
the rotation speeds OMG , OMG ' before the processing is 65 cylinders included in the engine 20 , based on a first - order 
executed provides a low accuracy to the misfire determina difference . The equalization processing unit 17 of the spe 
tion . cific cylinder misfire determination unit 15 of this embodi 
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ment equalizes the first - order difference for each cylinder . [ Straddled Vehicle ] 
The specific cylinder misfire determination unit 15 deter FIG . 9 is a diagram showing an external appearance of a 
mines a misfire by using the first - order difference , without straddled vehicle equipped with the misfire determination 
calculating a second - order difference based on a plurality of device 10 according to the first embodiment or the second 
first - order differences . That is , the specific cylinder misfire 5 embodiment . 
determination unit 15 always uses a first - order difference The straddled vehicle 50 means a type of vehicle in which 
obtained from a value at a first angle position and a value at a driver strides a saddle when seated . 
a second angle position , to determine a misfire for a specific The straddled vehicle 50 shown in FIG.9 is a motorcycle . 
cylinder . The straddled vehicle 50 shown in FIG.9 includes a vehicle 

Accordingly , the misfire determination device 10 can 10 body 51 and a plurality of wheels 52. The vehicle body 51 
determine a misfire in an equal interval combustion engine supports the wheels 52. The two wheels 52 shown in FIG . 
with a high accuracy , too . 9 are provided to the vehicle body 51 of the straddled vehicle 

50 , and are arranged one behind the other in a front - rear 
Thus , the misfire determination device 10 is applicable to direction X of the straddled vehicle 50 . 

both a misfire determination in an unequal interval combus The vehicle body 51 is provided with the misfire deter 
tion engine and a misfire determination in an equal interval mination device 10 and the engine 20. The engine 20 drives 
combustion engine . the wheels 52. A driving force of the engine 20 is transmitted 

to the wheel 52 via a transmission 58 and a chain 59. The 
Second Embodiment straddled vehicle 50 is not provided with a pair of left and 

20 right drive wheels , and is not provided with a differential 
gear which would be provided in a drive wheel of a common A second embodiment of the present teaching will now be automobile or the like . described . The misfire determination device 10 controls the engine 

In an engine misfire determination device of this embodi 20. The misfire determination device 10 detects a misfire in 
ment , the specific cylinder misfire determination unit 15 25 the engine 20 based on the rotation speed of the crankshaft 
does not include the equalization processing unit 17. The 21 ( see FIG . 1 ) rotated by the engine 20 . 
determination unit 18 of the specific cylinder misfire deter 
mination unit 15 determines a misfire by directly using a REFERENCE SIGNS LIST 
first - order difference calculated by the first - order difference 
calculation unit 16 . 10 engine misfire determination device 

Except for this point , this embodiment is identical to the 12 rotation speed acquisition unit 
first embodiment . In descriptions of this embodiment , there 13 combustion fluctuation canceled value acquisition unit 
fore , the same drawings and reference signs as mentioned in 14 combustion fluctuation manifested value calculation 
the first embodiment are used . unit 

15 specific cylinder misfire determination unit The determination unit 18 of the specific cylinder misfire 19 misfire announcing unit determination unit 15 determines a misfire by using a 20 engine first - order difference which is a difference between a first 21 crankshaft fluctuation manifested value AOMG2C and a second fluc 50 straddled vehicle 
tuation manifested value AOMGIC . The invention claimed is : 

The determination unit 18 detects a misfire based on 1. An engine misfire determination device that determines 
whether or not the calculated first - order difference exceeds a misfire in an engine including a plurality of cylinders and 
a predetermined reference value . The reference value is a a crankshaft based on a crank angle signal indicating a 
value prestored in the misfire determination device 10. The rotation angle of the crankshaft , the engine misfire determi 
reference value is constituted by a map . In detail , the 45 nation device comprising : 
reference value is constituted by a map associated with , for a combustion fluctuation canceled value acquisition unit 
example , a corresponding cylinder , a rotation speed , and an that acquires a first combustion fluctuation canceled 
intake air pressure of the engine 20 . value , in which a fluctuation component attributable to 

If the first - order difference exceeds a reference value combustion is canceled , and a second combustion 
selected in accordance with a cylinder , a rotation speed , and 50 fluctuation canceled value for every 720 crank angle 
an intake air pressure , the determination unit 18 determines degrees based on the crank angle signal while the 
that a misfire has occurred in the corresponding second engine is in operation , the first combustion fluctuation 
cylinder 20 . canceled value being a rotation speed in a section of 

The misfire determination device 10 of this embodiment 720xm crank angle degrees including a predetermined 
as well as the first embodiment can determine a misfire in an first angle position , the second combustion fluctuation 
equal interval combustion engine . canceled value being a value in which the fluctuation 

component attributable to combustion is canceled , the Although the first and second embodiments described second combustion fluctuation canceled value being a above illustrate misfire determinations in a two - cylinder rotation speed in a section of 720xm crank angle engine , these misfire determinations are applicable to an degrees including a second angle position that is sepa 
engine including three or more cylinders , too . rated from the first angle position by less than one 

In a case of a four - cylinder engine for example , a rotation cycle , where m is a natural number ; 
speed and a combustion fluctuation canceled value are a combustion fluctuation manifested value calculation 
acquired at first and second angle positions that are set for unit that calculates a first fluctuation manifested value , 
each of four cylinders . Here , a second angle position for one 65 in which the fluctuation component is manifested , and 
cylinder may be the same as a first angle position for another a second fluctuation manifested value based on the 
cylinder . crank angle signal while the engine is in operation , the 
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first fluctuation manifested value being calculated by fluctuation canceled value acquired by the combustion 
removing , from a rotation speed at the first angle fluctuation canceled value acquisition unit , and calcu 
position , the first combustion fluctuation canceled lates the second fluctuation manifested value in which 
value acquired by the combustion fluctuation canceled the fluctuation component is manifested by removing a 
value acquisition unit , the first combustion fluctuation 5 rotation speed value in a section of 720xm crank angle 
canceled value being a rotation speed in a section of degrees centered at the second angle position from a 720xm crank angle degrees including the first angle rotation speed at the second angle position , the rotation position , the second fluctuation manifested value being speed value serving as the second combustion fluctua calculated by removing , from a rotation speed at the tion canceled value acquired by the combustion fluc second angle position , the second combustion fluctua- 10 tuation canceled value acquisition unit . tion canceled value acquired by the combustion fluc 
tuation canceled value acquisition unit , the second 3. The engine misfire determination device according to 
combustion fluctuation canceled value being a rotation claim 2 , further comprising a storage unit that stores a value , 

wherein speed in a section of 720xm crank angle degrees the first - order difference calculation unit calculates the including the second angle position ; 
a first - order difference calculation unit that calculates a first - order difference for every 720 crank angle degrees , 

and first - order difference between the first fluctuation mani 
fested value and the second fluctuation manifested the specific cylinder misfire determination unit stores the 
value calculated by the combustion fluctuation mani first - order difference calculated by the first - order dif 
fested value calculation unit while the engine is in 20 ference calculation unit in the storage unit , and deter 
operation , the calculation of the first fluctuation mani mines a misfire in a specific cylinder among the plu 
fested value being performed by removing a rotation rality of cylinders included in the engine by using the 
speed in a section of 720xm crank angle degrees first - order difference calculated by the first - order dif 

ference calculation unit and the value stored in the including the first angle position from a rotation speed 
at the first angle position , the calculation of the second 25 storage unit at a time of a previous determination . 
fluctuation manifested value being performed by 4. A vehicle comprising : 
removing a rotation speed in a section of 720xm crank the engine misfire determination device according to 
angle degrees including the second angle position from claim 2 ; and 
a rotation speed at the second angle position ; and an engine for which a misfire is determined by the engine 

a specific cylinder misfire determination unit that deter- 30 misfire determination device . 
mines a misfire in a specific cylinder among the plu 5. The engine misfire determination device according to 
rality of cylinders included in the engine by using the claim 1 , further comprising a storage unit that stores a value , 

wherein first - order difference between the first fluctuation mani 
fested value and the second fluctuation manifested the first - order difference calculation unit calculates the 

first - order difference for every 720 crank angle degrees , value and a predetermined reference value prestored in 35 and the engine misfire determination device , without cal 
culating a second - order difference , which is a differ the specific cylinder misfire determination unit stores the 
ence between two first - order differences . first - order difference calculated by the first - order dif 

2. The engine misfire determination device according to ference calculation unit in the storage unit , and deter 
mines a misfire in a specific cylinder among the plu claim 1 , wherein 

the combustion fluctuation canceled value acquisition unit rality of cylinders included in the engine by using the 
acquires , as the first combustion fluctuation canceled first - order difference calculated by the first - order dif 
value , a rotation speed in a section of 720xm crank ference calculation unit and the value stored in the 
angle degrees centered at the first angle position , and storage unit at a time of a previous determination . 
acquires , as the second combustion fluctuation can- 45 6. A vehicle comprising : 
celed value , a rotation speed in a section of 720xm the engine misfire determination device according to 
crank angle degrees centered at the second angle posi claim 5 ; and 
tion , and an engine for which a misfire is determined by the engine 

the combustion fluctuation manifested value calculation misfire determination device . 
7. A vehicle comprising : unit calculates the first fluctuation manifested value in 50 

which the fluctuation component is manifested by the engine misfire determination device according to 
claim 1 ; and removing a rotation speed value in a section of 720xm 

crank angle degrees centered at the first angle position an engine for which a misfire is determined by the engine 
misfire determination device . from a rotation speed at the first angle position , the 

rotation speed value serving as the first combustion 
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